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Specification 

(54) Title of Invention: LASER ANNEALING TREATMENT APPARATUS 
(57) Summary 

[Problem to be solved] To provide a laser annealing treatment apparatus in which a 
vacuum evacuation operation is not required and by which the throughput of a 
treatment can be enhanced. 

[Solution] Nitrogen gas is supplied to a swing nozzle 12 through a nitrogen gas supply 
pipe 13 so as to be spouted toward a laser irradiation portion P from the tip of the swing 
nozzle 12, and a nitrogen atmosphere is generated only near the laser irradiation portion 
P. 

[Effect] Without executing a vacuum evacuation operation, it is possible to prevent a 
substance in the air from acting on an object M to be treated during an annealing 
operation. As a result, the throughput of a treatment can be enhanced. 
[What is claimed] 

[Claim 1] A laser annealing treatment apparatus (100) comprising: 

a laser irradiation means (6) irradiating a laser beam (R) on an object (M) to be 
treated; and 

a transferring setting stand (2) transferring with said object (M) to be treated 
loaded so as to scan on a large area region of said object (M) to be treated with a small 
area laser irradiation portion (P); 

wherein nitrogen gas injecting means (12, 22) generating a nitrogen atmosphere 
only near said laser irradiation portion (P) by injecting nitrogen gas, a heating means 
(14) heating said nitrogen gas, driving means (15, 25) bringing said nitrogen gas 
injecting means (12, 22) near to said transferring setting stand (2) at frradiating the 
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laser beam (R) on said laser irradiation portion (P) as well as keeping said nitrogen gas 
injecting means (12, 22) apart from said transferring setting stand (2) at setting said 
object (M) to be treated on said transferring setting stand (2) and at taking it out from 
said transferring setting stand (2) are equipped. 

[Claim 2] A laser annealing treatment apparatus (100) irradiating a laser beam (R) on 
an amorphous semiconductor thin film (Ml) formed on an object (M) to be treated to 
crystallize said amorphous semiconductor thin film (Ml), 

wherein nitrogen gas injecting means (12, 22) generating a nitrogen atmosphere only 
near a laser irradiation portion (P) by injecting nitrogen gas and a heating means (14) 
heating said nitrogen gas are equipped. 

[Claim 3] A laser annealing treatment apparatus (100) irradiating a laser beam (R) on an 
amorphous semiconductor thin film (Ml) formed on an object (M) to be treated to 
crystallize said amorphous semiconductor thin film (Ml), 

wherein nitrogen gas injecting means (12, 22) generating a nitrogen atmosphere only 

near a laser irradiation portion (P) by injecting nitrogen gas is equipped 

[Claim 4] A laser annealing treatment apparatus (100) of any of claims 1 to 3, wherein 

said nitrogen gas injecting means (22) comprises a slit (22w) through which said laser 

beam (R) passes, a plurality of nitrogen gas injecting nozzles (22h) provided around the 

sht (22w), and a plate shaped nozzle (22) with a labyrinth seal portion (22m) provided 

around those plurality of nitrogen gas injecting nozzles (22h). 

[Detaded Description of the Invention] 

[0001] 

[Field of the invention] The present invention relates to a laser annealing treatment 
apparatus, furthermore detads, a laser anneahng treatment apparatus in which a 
vacuum evacuation operation is not required and by which the throughput of a 
treatment can be enhanced. The laser anneahng treatment apparatus of the present 
invention, especially is suitable for forming a large area polyxrystallme silicon thin film 
with large grain size. 
[0002] 

[Prior art] Figure 5 is a lengthwise cross sectional view of a main portion of one example 
of the conventional laser annealing treatment apparatus. This laser annealing 
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treatment apparatus 500 comprises: a vacuum chamber 1 made of aluminum; a 
transferring setting stand 2 transferring on a base stand B provided in this vacuum 
chamber 1 and on which an object M to be treated is set; a resistant line 3 heating said 
object M to be treated in advance plugged in the upper side of this transferring setting 
stand 2; a window for introducing laser 5 provided on a ceiling portion la of said vacuum 
chamber 1 and with antireflection films against ultraviolet rays (AR coat) is formed on 
the both sides of a quartz glass plate; an excimer laser generating apparatus 6 
generating a laser beam R provided over this window for introducing laser 5; a gate 
valve S2 for introducing the object M to be treated into said vacuum chamber 1; and a 
gate valve S3 for taking out the object M to be treated from said vacuum chamber 1. lb 
is an exhausting port for vacuum evacuation operation. Said object M to be treated is 
an amoiphous semiconductor thin film Ml formed on an insulating substrate M2. 
[0003] Figure 6 is a plan view of the whole of the above laser annealing treatment 
apparatus 500. CA is a cassette, GR is a conveyor, SI is a gate valve, INR is a robot for 
carrying in, EXR is a robot for carrying out, and S4 is a gate valve. P is a laser 
irradiation portion. 

[0004] A laser annealing treatment is performed by the next process. 

(D A cassette CA in which a plurality of objects M to be treated before treatment are 

entered is put on a conveyor GR. 

(D The gate valve SI is opened, one sheet of the objects M to be treated is taken in from 

said cassette CAby the robot for carrying in INR, and the gate valve SI is closed. 

(D The gate valve S2 is opened, the object M to be treated taken in by the robot for 

carrying in INR is put on the transferring setting stand 2, and the gate valve S2 is 

closed. 

© The inside of the vacuum chamber 1 is made to be high vacuum of 10" 2 to 10* Torr by 
exhausting from the exhausting port lb of the vacuum chamber 1 (or filling up nitrogen 
gas). Next, the object M to be treated is heated in advance up to about 400°C by 
turning on electricity to said resistant fine 3. Besides, the transferring setting stand 2 is 
shifted so that the object M to be treated is located just under the window for 
introducing laser 5. And then, the laser beam R is generated from the excimer laser 
generating apparatus 6. The laser beam R is introduced into the vacuum chamber 1 
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through the window for introducing laser 5 and ii-radiates the surface of the object M to 
be treated. By shifting the transferring setting stand 2 in this condition, the whole 
surface (for example 300 mm x 300 mm) of the amorphous semiconductor thin film Ml of 
said object M to be treated is scanned by a small area (for example, 0.4 mm x 150 mm) 
laser irradiation portion P. Consequently crystallization of the amorphous 
semiconductor thin film Ml can be performed. 
The above of ® and © can be performed simultaneously. 

[0005] © The gate valve S3 is opened, the object M to be treated after treatment is 
taken out from the transferring setting stand 2 by the robot for carrying out EXR, and 
the gate valve S3 is closed. Simultaneously, the cassette CA is shifted to the position of 
the gate valve S4 by the conveyor GR. 

© The gate valve S4 is opened, the object M to be treated taken out by the robot for 
carrying out EXR is returned to the cassette CA, and the gate valve S4 is closed. 
© The above of ® and © can be performed simultaneously. 

If the object M to be treated before treatment is left in the cassette CA, the cassette CAis 
returned to the position of the gate valve SI by the conveyor GR. 

© The above of (2) to © is repeated until the object M to be treated before treatment is 
not left, and when all of the objects M to be treated in the cassette CA are treated, 
subsequently the cassette CAis carried out. 
[0006] 

[Problems to be solved by the Invention] In the conventional laser annealing treatment 
apparatus 500 mentioned above, the material in the air is prevented from acting the 
amorphous semiconductor thin film Ml by making the inside of the vacuum chamber 1 a 
vacuum or an atmosphere (atmospheric pressure) of nitrogen. However, when the 
vacuum evacuation operation (and filling up nitrogen gas) of the vacuum chamber 1 and 
opening and shutting of the gate valves SI to S4 are performed in order to make the 
inside of the vacuum chamber 1 a vacuum or an atmosphere (atmospheric pressure) of 
nitrogen, the problem that the throughput of a treatment cannot be enhanced is caused. 
Especially in case of treating semiconductor substrates of recent large-sized liquid crystal 
displays not less than 150 mm square to 300 mm square, this problem is marked 
because the vacuum chamber becomes also large-sized. Then, the present invention 



has the purpose to offer a laser annealing treatment apparatus in which a vacuum 
evacuation operation is not required and by which the throughput of a treatment can be 
enhanced. 
[0007] 

[Means for resolving the problems and action] In the first viewpoint, the present 
invention offers a laser annealing treatment apparatus (100) irradiating a laser beam (R) 
on an amorphous semiconductor thin film (Ml) formed on an object (M) to be treated to 
crystallize said amorphous semiconductor thin film (Ml), wherein nitrogen gas injecting 
means (12, 22) generating a nitrogen atmosphere only near said laser irradiation portion 
(P) by injecting nitrogen gas is equipped. In the laser armeahng treatment apparatus 
(100) by the first viewpoint mentioned above, a nitrogen atmosphere is generated only 
near the laser irradiation portion (P) by injecting nitrogen gas. Because the place in 
which annealing is performed actually is only the laser irradiation portion (P), the 
material in the air can be prevented from acting the object (M) to be treated in annealing 
by generating the nitrogen atmosphere only near the laser irradiation portion (P). As 
mentioned above, because the laser irradiation portion (P) is a small area (for example, 
0.4 mm x 150 mm), it is easy to generate the nitrogen atmosphere only near the laser 
irradiation portion (P). And then, because a vacuum evacuation operation is not 
required, the throughput of a treatment can be enhanced. Besides, because the vacuum 
chamber and the gate valve are not necessary, the constitution can be small-sized and 
simplified, consequently costs can be reduced. Furthermore, because the window for 
introducing a laser of the vacuum chamber is not necessary, it is not necessary to clean 
the quartz glass regularly, accordingly the maintenance becomes easy. Also, the 
dispersion of annealing effect caused by reflection of the laser beam on the quartz glass 
can be prevented. 

[0008] In the second viewpoint, the present invention offers a laser annealing treatment 
apparatus (100) irradiating a laser beam (R) on an amorphous semiconductor thin film 
(Ml) formed on an object (M) to be treated to crystallize said amorphous semiconductor 
thin film (Ml), wherein nitrogen gas injecting means (12, 22) generating a nitrogen 
atmosphere only near a laser irradiation portion (P) by injecting nitrogen gas and a 
heating means (14) heating said nitrogen gas are equipped. In the laser annealing 
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treatment apparatus (100) by the second viewpoint mentioned above, the nitrogen 
atmosphere is generated only near the laser irradiation portion (P) by injecting nitrogen 
gas. Accordingly as mentioned above, the throughput of a treatment can be enhanced. 
Besides, the constitution can be small-sized and simplified, consequently costs can be 
reduced. Also, the maintenance becomes easy. Besides, the dispersion of annealing 
effect can be prevented. Furthermore, because nitrogen gas is heated and injected, the 
object (M) to be treated is heated in advance by the nitrogen gas, and the annealing effect 
can be enhanced. 

[0009] In the third viewpoint, the present invention offers a laser annealing treatment 
apparatus (100) comprising: a laser irradiation means (6) irradiating a laser beam (R) on 
an object (M) to be treated; and a transferring setting stand (2) transferring with said 
object (M) to be treated loaded so as to scan on a large area region of said object (M) to be 
treated with a small area laser irradiation portion (P); wherein nitrogen gas injecting 
means (12, 22) generating a nitrogen atmosphere only near the laser irradiation portion 
(P) by injecting nitrogen gas, a heating means (14) heating said nitrogen gas, driving 
means (15, 25) bringing said nitrogen gas injecting means (12, 22) near to said 
transferring setting stand (2) at irradiating the laser beam (R) on said laser irradiation 
portion (P) as well as keeping said nitrogen gas injecting means (12, 22) apart from said 
transferring setting stand (2) at setting said object CM) to be treated on said transferring 
setting stand (2) and at taking it out from said transferring setting stand (2) are 
equipped. In the laser annealing treatment apparatus (100) by the third viewpoint 
mentioned above, the nitrogen atmosphere is generated only near the laser irradiation 
portion (P) by injecting nitrogen gas. Accordingly as mentioned above, the throughput 
of a treatment can be enhanced. Besides, the constitution can be small-sized and 
simplified, consequently costs can be reduced. Also, the maintenance becomes easy. 
Besides, the dispersion of annealing effect can be prevented. Also, because nitrogen gas 
is heated and injected, the object (M) to be treated is heated in advance by the nitrogen 
gas, and the annealing effect can be enhanced. Furthermore, because the distance 
between the transferring setting stand (2) and the nitrogen gas injecting means (12, 22) 
is regulated according to the kinds of operations by providing the driving means (15, 25), 
the necessary amount of flowing nitrogen gas can be saved as well as the object (M) to be 
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treated can be introduced and taken out suitably. 

[0010] In the fourth viewpoint, the present invention offers a laser annealing treatment 
apparatus (100) with above constitution, wherein said nitrogen gas injecting means (22) 
comprises a slit (22w) through which said laser beam (R) passes, a plurality of nitrogen 
gas injecting nozzles (22h) provided around the slit (22w), and a plate shaped nozzle (22) 
with a labyrinth seal portion (22m) provided around those plurality of nitrogen gas 
injecting nozzles (22h). When the plate shaped nozzle (22) with above constitution is 
used, the injected nitrogen gas can be left near the laser irradiation portion (P) effectively, 
and the necessary amount of flowing nitrogen gas can be saved. 
[0011] 

[Embodiment] Hereafter the present invention is explained in detail further with an 
embodiment mode shown in Figures. Besides, the present invention is not limited by it. 
[0012] -The first embodiment mode- 
Figure 1 is a plan view of the whole of the laser annealing treatment apparatus 100 
concerning the first embodiment mode of the present invention. In this laser annealing 
treatment apparatus 100, a simple enclosure 11 is provided instead of a vacuum 
chamber. A base stand B, a transferring setting stand 2 transferring on the base stand 
B and on which an object M to be treated is set, and a swing nozzle 12 are provided in 
the simple enclosure 11. An excimer laser generating apparatus (6 in Figure 5) 
generating a laser beam R is provided over the simple enclosure 11. 
[0013] Nitrogen gas is supplied to said swing nozzle 12 through a nitrogen gas supply 
pipe 13 so as to be spouted toward a laser irradiation portion P from the tip (I2n in 
Figure 2) of the swing nozzle 12. Besides, the nitrogen gas in the simple enclosure 11 is 
collected through a nitrogen gas collecting pipe 16, and is supplied to the swing nozzle 12 
again through a gas filter GF. 15 is a motor. The tip (12n in Figure 2) of the swing 
nozzle 12 is made to be up and down by swinging said swing nozzle 12 like a flap of an 
airplane by this motor 15 to regulate the distance to the transferring setting stand 2. 
[0014] Figure 2 is an oblique view of said swing nozzle 12. A nitrogen gas injecting 
nozzle 12h is provided on the tip 12n of the swing nozzle 12. Also, a heater 14 for 
heating nitrogen gas is provided inside the swing nozzle 12. The motor 15 makes the 
tip 12n of the swing nozzle 12 raise so as to be obstructive when the object M to be 

7/11 



treated is set on the transferring setting stand 2 and the object M to be treated is taken 
out from the transferring setting stand 2. Besides, when the laser beam R irradiates on 
the laser irradiation portion P, the tip 12n of the swing nozzle 12 is made to lower to 
generate a nitrogen gas atmosphere near the laser irradiation portion P effectively. 
[0015] A laser annealing treatment is performed by the next process. 
(D A cassette CA in which a plurality of objects M to be treated before treatment are 
entered is put on a conveyor GR. 

(2) One sheet of the objects M to be treated is taken in from the cassette CAby the robot 
for carrying in INR and is stored. 

(3) The tip 12n of the swing nozzle 12 is raised. 

(D The object M to be treated taken in by the robot for carrying in INR is set on the 
transferring setting stand 2. 

(5) The tip 12n of the swing nozzle 12 is lowered, heated nitrogen gas is injected on the 
laser irradiation portion P. Also, the object M to be treated is heated in advance up to 
about 400°C by turning on electricity to said resistant line 3 (see Figure 5). And then, 
the laser beam R is generated from the excimer laser generating apparatus 6 (see Figure 
5) and irradiates on the laser irradiation portion P. By shifting the transferring setting 
stand 2 in this condition, the whole surface (for example 300 mm x 300 mm) of the 
amorphous semiconductor thin film Ml of said object M to be treated is scanned by a 
small area (for example, 0.4 mm x 150 mm) laser irradiation portion P. Consequently 
crystallization of the amorphous semiconductor thin film Ml can be performed. 
Simultaneously with the above, next one sheet of the objects M to be treated is taken in 
from the cassette CA by the robot for carrying in INR and is stored. Next, the cassette 
CA is shifted to the position of the robot for carrying out EXR by the conveyor GR. 
[0016] © The tip 12n of the swing nozzle 12 is raised, and the object M to be treated 
after treatment is taken out from the transferring setting stand 2 by the robot for 
carrying out EXR, and is returned to the cassette CA 

(7) If the object M to be treated before treatment is left in the cassette CA, the cassette 
CAis returned to the position of the gate valve Si by the conveyor GR. 
® The above of © to © is repeated until the object M to be treated before treatment is 
not left, and when all of the objects M to be treated in the cassette CA are treated, the 
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cassette CAis carried out. 

[0017] According to the laser annealing treatment apparatus 100 mentioned above, 
because a vacuum evacuation operation is not required, the throughput of a treatment 
can be enhanced. Besides, because the vacuum chamber and the gate valve are not 
necessary, the constitution can be small-sized and simplified, consequently costs can be 
reduced. Furthermore, because the window for introducing a laser of the vacuum 
chamber is not necessary, it is not necessary to clean the quartz glass regularly, 
accordingly the maintenance becomes easy. Also, the dispersion of annealing effect 
caused by reflection of the laser beam on the quartz glass can be prevented. Besides, 
because nitrogen gas is heated and injected, the object M to be treated is heated in 
advance by the nitrogen gas, and the annealing effect can be enhanced. Furthermore, 
because the distance between the transferring setting stand 2 and the tip 12n of the 
swing nozzle 12 is regulated according to the kinds of operations, the necessary amount 
of flowing nitrogen gas can be saved as well as the object (M) to be treated can be 
introduced and taken out suitably. 
[0018] -The second embodiment mode — 

A plate shaped nozzle 22 shown in Figures 3 and 4 is used in the second embodiment 
mode instead of the swing nozzle 12 in the first embodiment mode mentioned above. 
This plate shaped nozzle 22 has a slit 22w through which the laser beam R passes, a 
plurality of nitrogen gas injecting nozzles 22h provided around the slit 22w, and a 
labyrinth seal portion 22m provided around those plurality of nitrogen gas injecting 
nozzles 22h. Besides, said plate shaped nozzle 22 is shifted up and down by a motor 25 
and a ball screw mechanism. Nitrogen gas is supplied through a nitrogen gas supply 
pipe 13 to be spouted toward the object M to be treated from the nitrogen gas injecting 
nozzle 22h. When the plate shaped nozzle 22 is made to be close to the object M to be 
treated, cliffusion of nitrogen gas toward the outside is controUed by the labyrinth seal 
portion 22m, accordingly a nitrogen gas atmosphere can be generated near the laser 
irradiation portion P effectively. The same effect as the first embodiment mode can be 
obtained by the laser annealing treatment apparatus of the second embodiment mode. 
[0019] 

[Effect of the present invention] According to the laser annealing treatment apparatus of 
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the present invention, a vacuum evacuation operation is not required and by which the 
throughput of a treatment can be enhanced. Besides, because the vacuum chamber 
and the gate valve are not necessary, the constitution can be small-sized and simplified, 
consequently costs can be reduced. Furthermore, because the window for introducing a 
laser of the vacuum chamber is not necessary, it is not necessary to clean the quartz 
glass regularly, accordingly the maintenance becomes easy. Also, the dispersion of 
annealing effect caused by reflection of the laser beam on the quartz glass can be 
prevented. 

[0020] Furthermore, if nitrogen gas is heated and injected, the object M to be treated is 
heated in advance by the nitrogen gas, and the annealing effect can be enhanced. 
[0021] Furthermore, if the distance between the nitrogen gas injecting means and the 
transferring setting stand is regulated according to the kinds of operations, the necessary 
amount of flowing nitrogen gas can be saved as well as the object CM) to be treated can be 
introduced and taken out suitably. 
[A brief explanation of Figures] 

[Figure l] A plan view of a laser annealing treatment apparatus of the first 
embodiment mode of the present invention. 

[Figure 2] An oblique view of a swing nozzle concerning the first embodiment mode. 
[Figure 3] An oblique view of a plate shaped nozzle concerning the second embodiment 
mode. 

[Figure 4] A lengthwise cross sectional view of the plate shaped nozzle of Figure 3. 
[Figure 5] A lengthwise cross sectional view of a main portion of one example of the 
conventional laser annealing treatment apparatus. 

[Figure 6] A plan view of one example of the conventional laser annealing treatment 
apparatus. 

[An explanation of marks] 



100, 500 laser annealing treatment apparatus 

1 vacuum chamber 
la ceiling portion 
lb exhausting port 

2 transferring setting stand 

10/11 



3 


resistant line 


5 


window for introducing an excimer laser 


6 


excimer laser generating apparatus 


12 


swing nozzle 


13 


nitrogen gas supply pipe 


14 


heater 


15, 25 


motor 


22 


plate shaped nozzle 


B 


base stand 


P 


laser irradiation portion 


M 


object to be treated 


Ml 


amorphous semiconductor thin film 


M2 


insulating substrate 



SI/11 



{i9)0*B#fFJr (j p> 02) & U # If & $E (a) (nmmmm&mm 

#W5F9- 102467 

(43)&SIS « 9 ¥(1997) 4 3155 



C5i)inta e mm^ rrfommm fi 

H0 1L 21/268 H0 1L 21/268 Z 

21/324 21/324 D 



MS* »^©»4 OL S6I) 





^S¥7 -258852 


(7])ftiHA 


000004215 










(22)mHH 


^7^(1995)10^ 5 H 










(72)fggH# 


A* 
























m ®n 








=F«JWH«S3t*l«0#-TB3# 














(74) ^SA 





(54) 1f-7=-/WE«3JW 

(57) mm] 

1 1 trr £ i * i£ ft ■ ' > - £ * 3? T ffl M - t S „ 




t : ai 

fcfeHfc (M) i— 1f-3t (R) SrW 

ki-r^u-^-mm^ (6) t, u- -*f— hb 

Wtrf- p h , if - n +;nfE T mi- 
S-f Zi. 5 l-BufflftMaft: (M) fefHtT^llrf 
-<Kfi& (2) >S:liifcu—1f"T~-^a^Si'fc- 

^jtf^^tWUtBfJiai — #-fSlt^> (P) iS#ro 
, t^^i^Uo^ •*"«M[Ti (12, 2 2) 
i , nf si? T # * i aissr tm** f S i 1 - 

(M) «rmiESft«cS# (2) ±{-*S1-5B# 

s?#^"«itf-s (12, 22) zMtmmmwtii u) 

frbm-tb #&ttE v~¥-nam& (P) 

3t (R) ^PSJti-5afiCfJia^#xPlM¥^ (12, 

22) *Fifiwfi^ii)«®^ (2) iiis<j»tsw«^a (1 

5, 2 5) tfrftW+SiiSrWftt-f-SU'— = 

-/n&agt (1 00) „ 

[st«4C2] ssaafr (m) n^$nfc#A*^* 

ftHjjg (Ml) irv— 9 s — 3te (R) SSUtU IWE#S 
ff¥«$?*K (Ml) *eft{k^*5u— P-r=-^ 

a*^xSr«**tUTV— +f-a?,M^ (P) j£#go^£ 
IlfimitSii^M-fS (12, 22) i, 
fttES^^^ SrJnSa-fSflP^S (14) t £ Ji{«-f 5 
C £ t i" 5 if — T =-/HttHglI ( l 0 
0) . 

[M#*3i vmm» (m) i,-Mm&tht^m*m 
imwi (mi) tru— (r) stPwl. iiia#ffi 

ff^SfeftlK (Ml) *i&ftfl:3tf^--!f-T=-A' 

g3S#* £1*1*1- T u— - tF— H?JfSG# (P) iir$ro#-£ 
i H#ffl^i-t-5SS^^W^ (12, 2 2) *-a 

Al-f5-i:*if«ti-5L'— f-r--^*aaiSB (1 

00) „ 

(2 2) i±. *Bi'-f»* (R) asaa-t-s* 

!)yh (2 2w) i, ^ffl^^-^ (22w) COjlffl^ 
Kiaitoii/'iMi^j'^f ^"flf-Hn (2 2h) t. tti 
D 1%#> >$$->j >man ( ' 2 i E r 
^ tr y v—A-as (22m) i ^i-ste^/ 
(2 2) *itti'Ci:*-»m>-rsu'"f ; -~r^"/^a 

(10 0) „ 
[%i!r;> s1 i if J 

[ 0 0 0 1 ] 



(2) 61T9- 1 0 2 4 6 7 

[0 0 0 2] 

[ffiSt»S»] I5!±, lfeK»^~^-T— 

_ _ rifi^ ,_, ^ _L. n i sTT ,2 f 1 r 

STi l a tiast bHiLo^# v ^ffiwpjif - h ^ 1 - 
P5±m (ARn-M SrJgfiSLfcU'— f-S»Affl^5 
t , r <D u—f~-mA®& 5 ro±*lc®(t <bivu- if- 

7S2L fiffteK^^^^^ i i6>b«*affi#M«Er*aa+ 
afcft©^- h^^'s 3 i«r#mi,-ci>a. i bt±, 

«M 2 ii^^S^^if MM 1 b 1 1> »t?fc 

[ooo3ii6i±, i"- if-r ~-^mmm 5 

0 0C7>^tO^ffiHlt'&5 = CAti*t!/F, GRI13 
S 1 INRttlAP'S^. 
EXRf±*anjI?5' K S4U^l^Wtfc5 s P 

[0 004] --frWMtmm&V&fff 5o 

(P**affl©«ic»^af*M*Aitfc#;^r"*-b y h c 

<3>y„ i-^ 7 'S2M!tX, «JAn;Ky h I NR« 

©Mft^noMni b^biSlU S^^- 

^11*1^1 0^-1 0-«To r r © if* 2it 5 (fo6 

L, ffi*Q:af*:M^4 0 O'Cmfit-^i'So 16* 
fflftMiS V— VA)t;.V 5 wjtTI^S-f 5 ± 5 i^S 

ftiES-^ 2 Sr^ib L, /hffiflf (^Jx. IfO. 4 mm 15 
0 mm) CD U—if— P.ltsS^ P r-f|ijfe*fejSf$M»#if0 
Rijiif VfmWm 1 {^i^li 3 0 0 mm 3 0 0m 

iilE© t ®5i*?f L T fr 9 w t ^ Hi * 5 0 

jo [0005] ©y- h^^-/ s 3 *&a»©tt 



tmmA &mmm.-& 2 ro±*> & mm o^yi-EXRc 

t^y hCA&V- r^S 4 »SB+"e= >^ G 
R T'#Stl LTfe < s 

') Hi Lfc»^a<*M^*-fe b C A^K U 

6, A-feyhCAt^-F S 1 (Oft®* T* a >"* 

+ GRT-St= 

[0 0 0 6] 

--^agES 0 ISft^ l rtlrHSfe 

Sfcs^HA* (*ise) sBBftti-stfttc, 

A-i/S i~S 4<DWP^SrtroT^5c:, jtigco;^-:/ 
1 5 Omm^Sfl^fe. 3 0 0 mm^y,-hdi:Sl©?fo B B T 

*o xmtt s t *, ' coRgs^^p* i * o t v > 
- r ^-/mmmw fctttft-r s r t c *> a. 

[0 0 0 7] 

[im&ffi?^t-5fc*to?Ma] ii»i,*m #m 

ft. it^Stf (M) (M 
1) f-% (R) SrSUtU flie^fC^^* 

11- (mi) sr^^b^^su— !f-T=-/i'«aaisw- 

(12, 2 2) Srftfl-fSr ^1#ftt5^f-7 
|;i5u-f"7--/«il (100) T-fi. mm 

^j-iitt, u-u'-Bgitffi^ (p) is«ro*ta* 

■;.7pPi\ fc -f £„ ^iiiiT=--/^^ff fcJinTVSWi* 1 — 
-tf-ffiJt^^ (P) ©^"CfeS^ib, U"if-!®WSI5^ 
(pi - - -= ~* 

^-/H^^^^WJgb'g^i&aft: (M) 
£B$ih-t?£§„ Slfc«l^-f"M9 (P) 
ii/hfiffl (iitfO. 4mm 15 0mm) 
fc, U— y-mtfitftfi (P) ififcro^SrSfcSfflftil" 



* 'J^fc ■ IB #ffc -e # . 3 7h*Tif5:i: 0* til « 
<ft9, «sJ"iS**KftS. *fc, 5P7^t-»^ 

[0008] tstms!** 

(M) !'ff^Afet#Hlf^ffrr#Bl- (Ml) fcu~f 
70 -3t (R) *HfL Bill J f T I ***R (Ml) £r 

#@sr^-r5^*'^«M#s (12, 22) t, fird 

^.ft^-^-.te?* (14) i ^ t 

Sr^tSi-*"?>u— •f'-T^-^aKE (100) 

ilE* 2 ± 5 u— tf-T=.-/^ag 

» (10 0) !f-IHW» 
# (P) ifi©<7>^S:^3S#ffl^t-r5. wtD-io'C. 

20 fc, mdctr^fl: • Pftti h^Ttf S^ tifi 

t±i*Sc T~->m% 

(M) tr^fST-t, r^-^J^*ri«5feSr t^Ui* 
S„ 

[0 0 0 9] JB3W»jSt?fl, «swn. »af* 
(M) t=u— tf*-* (R) feKHI-Si'— f-MJ+*a 
(6) i, 'hffifcro ^-f-Wd (P) -ciltilE» 
af^ cm) ©*a«ro««4r3feaE-rsj;5(-*frEt*ffia 

JO * (M) fcfctfTfcft-fS^ftitllfc (2) 

r u-^-BS^fM^ (P) i£{f©^.^^^??H^i:-r5 
SE*^^«»*a (12, 2 2) fc. WES*#**J0 

arsjpfi*® (14) fc, fifei»a#: (M) sriwa 
&mw.w™ (2) _t ( - <!iim ?j h5;h , t rj<Hi'! «&t r 
(2) tfrh^n ffl-ff^i'fitffs^tf^W^isi (1 
2, 22) *iifiwe#K«feStr (2) /j^lf-tt*(-"^rd 

u „+)-'_flg^^^ ( P ) !cw-"-lf-3t (R) 
m\zM\ "2*^ '^frtTli (12, 2 2) i-SITHtir^'fc 
^0 S-& (2) tiiro!t5,IE'ft^l& (15, 2 5) i SrA« 

0) ^Sfft1^S 3 ±IB^3©«S^i-J:S^— tf-T^- 
i _r-~" r i 00 " i , li^Wi, 

"flg»as^ (p) ififf^^^e-^j^ -1 -tile 

rt*ffl*5. 7'=- 
?tfx &3pfA LTftttTS fcft, tw J: o r«*(LJi 



"-(15, 2 5) SrKttT, ft i-CO 

wm\^^xmMw.is (2) ta*#^*at^a d 

2, 2 2) roffi»&SI«ii-5J;5Kl-fc*»?>, SMS^ 
(M) ©»fA • igtLj&Sf-Sll-ff ^5 t*t'£-l;-^'*S^ 

[0 0 10] 14(01,^11 $«9Jti, ±IBfl*j£OTU 

a (22) a. fififdu— +/-it (r) ^aig-rs^y y 

h (2 2w) i, (2 2w) «Jlffl^t-K 

ij -i sic»i - "Btan (2 2h) >, ^tLb« 
«»iE*;tf*«tii p ( 2 2 h ) <r>n*) fctttt hivtcy tr 
y ^v'-A-Si (22m) t^ir-fs^y xa- (2 
2) sr^trr t^^fSt-t-sw-^-T^-^fca^e 

(10 0) ^tMH'S, ±!5«5t©fcK/X> (2 2) 
( P ) iSeir *a » T *J It 5 ± 5 4 "3 , & B ft £ 
[001 1 ] 

[0 0 12] -»1©3E1BB«- 

ia i ft, #»w<n$s i ro*®Bftfc;ta&»3 v—v-r- 

-A'&g^ttl 0 OW^co^SHt'foSo -cou— If 

|^2h Xa-1 2 t^gg(te>*lTV^ 0 fB! 

ixy^-^tll»iam, u— 9*-JfcRSr«± 
tiiif^l — ■ if-IS^SS (B5f>6) tfiftttbiH 

[0 0 13] iEKS#*fi, 3*rfflC-C 
Dftffi Xa- l 2 1 tfe^ $ iv ^ Xa- i 

2 WitS (ID 2 £0 1 2 n ) ^ b V-iF-gUtSU^ P "-fa 

it#xa, a^^nuRf 1 6 fcat-cnuKSft, 

7 >f A-* G F Srii CT^-f XA 1 2 

5 e 15li, ^-^-CfcS. r©^-^ l Si-rj: 9 SuE 

^S-frT, ^>fy^/X/H2^ (H2C012n) 

[0014] a 2 tt, swa^-Y xa- 1 2 o&ttnta 

-e&5„ ^^/X;H 2 tO^feS 1 2 n (Cl±, stintf 

^wnsttipi 2 hASKttfjn-cv^. *fc» rtau^tts 

^1 5(4, #»«cM-&2±i-«®a#:M*«e-f-5Sf*3 
±»f5o 4fc, w-lF-ffi»as#Pfcv-iF--3fcR«rlH 



$*%m%\z-fZ>tz#>\ZX4 1/? J 2CQJ&S1 2 

[0015] u— r-r^-zuMStt^w^iwr-fT 5„ 

©Airy hCAii'f) lttKOKjftfflHKMSrJftAnsKy h I 
NRiCi «JJ&t>)2^ f*S-fS 0 
<3)*>f XA- 1 2 0D5fc$i 1 2 n £-h(f 5„ 
;o Xj i T s 1 _ i-ff U 1 f + l 

@7^V^;X;H 2©»1 2n*Ttf\ ML-fc^ 

KJI3 (@5« MIL, »SftM«r4 0 0°CIS 

»»#PCi*tt5. r.co^tlr'#fti«g-&2^^B 
L> /hSW («itfO. 4 mm 1 5 0 mm) » k"" if 

-ffiM^^P r-ttffift*!iaf*Mw#*K-f-*frfW»f M 1 

20 0~>im (P'lx.rt'3 0 Omm 3 0 0mm) ttSt5„ 
~ ftic =t 0 4 MM 1 ©ftfiflsSrfif 5:t 

MSrttSAn^E?/ h I N R \Z i t» © 0 f*lf LTiS 

< 0 *t'yt-CAattiP*VhEXRC«S 
f 3 >"<^r G R L T *S < „ 

[0016] @^>f >-^V X/H 2 1 2n|ri 

iKy FEXRtJ; iJfe^mL, Air-yfCAl:It. 

t , AtyhCA^'- \-/<;Vy* S 1 ©ffg* T' 3 >"< 
+ GRT'It= 

®*t'7K Artro^S© l£ 40? S ffcM /; ;; t£ < 46St 
JijeSJ^fcSSrttfigL, hCArt*«*!ai»F©S 
*&a#Mfc!t(r^|i!i\ *-try FCASriEfltSo 
[0017] KJL© r-r --/HJyifiB 1001: 

if x l r "filter s f- ^ i- j; o r »fea 

yi/yX/H 2<D5fcSl 2 n«Offil«l*pg5-t-5^e), ^ 
50 jf*<D$L§L%fmX'%Z t , 



1 0 2 4 6 7 



[0018] -mznmmim- 
m 2 ommm\-t. ±.mm i nmm&mzmi > 

^ y xvi- i 2 <?>ft fj i z m 3 , H 4 i^f-fiOK ^ 2 2 

JtR7)5iijS1-5^y * b 2 2w>, ^r»^y -yV2 2w 
Olgffl$S-KStkftfc«fC©a*#* l StUn 2 2 h t, 

2 2 hcDjl tH-SSftfeiifc 
7 try A-$B2 2mtfef LTV^. mJBG 

1 3 fc»U.T{fc*&§*U 2 2h*>b*«l 

Sfl£M £ |r] ItX £ ft 5 . « y»2 2«W 
Mfci£SfS*-C*3< t. 7t*!)y7,v-;^2 2m^t 

P Oiffl^ kt m fi * *B1 *U't~ 3 £ s 4 *^ 

5„ m2<nmmm(Di^— f-r^-jv^mmw-izx-o 

[0019] 

nil, *£3l&-*-5&S#fc^fc», 



S J- 



[0 0 2 0] S felt, fi*#*£;i!)0*lL-C**H-* 
[0 0 2 1] SfcC, ff*»«8((-i£:i:-C*##^«« 



[0ja»ffiW.£tM] 

[an *mm<Dm 1 roSEKJ8*<D u— if-r^-^fe 

[0 2] mi <o*J£»««c*^^^-< >-^'V X/KOf4ffi 
[0 3 ] % 2 X/i- ©f-HIl-C- 

[0 5 ] U— 9-'-T^-/^aSS«-W«liS(i 

8BJrEBn?*>5. 

[0 6 ] ^5te»lx--tf"T-"^4aS^««--^»¥Si 
0-Cfe5o 

loo, 500 v—v—r 

m 

1 

1 a 

lb SMan 

2 f THuiir, 
i 3 Str* 

5 ac^i/^u— tC-»Affl 

IS 

■ 

i 2 y i'V X/u 

i 3 B*#*{ft*&* 

1 4 

15,25 *-t> 

2 2 ^ u 
) B in 

P l — -y 4 — 

M i 

m 2 te-mste 
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